Gastric cancer is one of the most common neoplasms and an important cause of cancer-related death worldwide. Efforts to reduce its high mortality rates are currently focused on multidisciplinary management. However, surgery remains a cornerstone in the management of patients with resectable disease. There is still some controversy as to the extent of lymph node dissection for potentially curable stomach cancer. Surgeons in eastern countries favor more extensive lymph node dissection, whereas those in the West favor less extensive dissection. Thus, extent of lymph node dissection remains one of the most hotly discussed aspects of gastric surgery, particularly because most stomach cancers are now often comprehensively treated by adding some perioperative chemotherapy or chemo-radiation. We provide a critical review of lymph nodes dissection for gastric cancer with a particular focus on its benefits in a multimodal approach.
Review
Gastric cancer is one of the most common neoplasms and is a main cause of cancer-related death worldwide, accounting for 8% of all cases and 10% of all oncological deaths. 1 Efforts to reduce its high mortality rates are currently focused on multidisciplinary management. [2] [3] [4] [5] [6] [7] However, surgery remains a cornerstone in the management of patients with resectable disease [8] [9] [10] while the extent of regional lymph node (N) dissection is usually the surgeon's first priority in order to improve outcomes.
There is still some controversy on the optimal surgical resection for potentially curable stomach cancer. In 1999, the first two largest Western randomized trial 11, 12 reported that extended lymph node dissection offers no survival advantage over limited lymphadenectomy, in agreement with previous small trials conducted by Dent et al. 13 and Robertson et al. 14 However, extent of lymph node dissection is still the subject of debate. This debate is mainly due to Japanese surgeons who routinely perform more extensive lymphadenectomy, a practice that some suggest at least partially accounts for the better survival rates in Asian than in Western series. 15 Moreover, in the European Medical Research Council (MRC) and Dutch Gastric Cancer Group (DutchD1D2) trials comparing D1 with D2 gastrectomy, the mortality rates in patients treated with D2 gastrectomy reached 10% or higher. 11, 12 This excessive number of early deaths might have obscured any potential difference in long-term survival between patients undergoing D1 and D2 gastrectomy. 16 Some critics of the DutchD1D2 trial also comment on the fact that it was conducted in 80 hospitals, including small community hospitals, by 11 surgeons who had had little experience with D2 gastrectomy before the study. 17 Furthermore, both MRC and the DutchD1D2 studies were relatively underpowered for the group of patients most likely to benefit from extended dissection. If the proportion of patients with N2 disease is approximately 30%, and only approximately one-fourth of these patients survive five years after a potentially curative D2 lymphadenectomy, less than 8% of patients benefit long term. These results indicate that one additional life might be saved for every 13 patients undergoing a D2 dissection and that a much larger sample sizes are needed. 18 Also, even at the time of publication, the possibility that D2 resection without pancreatico-splenectomy may be better than standard D1 resection was highlighted in the MRC trial. 12 The arguments favoring an extended lymphadenectomy (i.e. D2 or D3 vs D1) are that removing a larger number of nodes more accurately stages disease extent and that failure to remove these nodes leaves behind disease (which would be a potentially fatal event) in as many as one-third of patients. 18 A consequence of more accurate staging is to minimize stage migration (the Okie phenomenon, as described by Will Rodgers). The resulting improvement in stage-specific survival may explain, in part, the better results in Asian patients. 19 Furthermore, the influence of total lymph node count on stage-specific survival has been extensively studied and also proved to be significantly better as more nodes were examined in every stage subgroup. 20 Similarly, interesting findings may also be observed when surgicalonly arms of the main trials that guide the current multidisciplinary treatment of gastric cancer are compared. For example, 3-year overall survival in the INT 0116 trial, 3 Japanese ACTS-GC Trial 21 and Korean CLASSIC trial 4 were 41%, 70% and 78%, respectively. In the former, only 10% of patients included in the analysis had undergone a formal D2 dissection. A D1 dissection had been performed in 36%, but most patients (54%) had undergone a D0 dissection, which is less than a complete dissection of the N1 nodes. On the contrary, almost all patients underwent a D2-type gastrectomy in the ACTS-GC and CLAS-SIC trials. Equally, 5-year overall survival of surgery-only arms from the MAGIC, 2 ACCORD 07-FFCD 9703 5 and ACTS-GC 6 trials were 23%, 24% and 61%, respectively, with clearly better survival rates in this last trial. Obviously, to compare eastern versus western experiences may not be appropriate but if we explore results of the European EORTC 40954 trial 22 which closed early and in which a D2 dissection was achieved in 92.6% of patients, 2-year survival was approximately 70% in the surgery-only arm, suggesting some benefit from D2 lymphadenectomy also to western patients. These best survival rates favoring a more extensive lymph node dissection are possibly linked to the lower recurrence rates observed in those trials in which a D2-dissection was standard ( Table 1) .
From 1999 to 2010, a review of the DutchD1D2 trial data came to some divergent conclusions. In 1999, the first analysis of these data did not support the routine use of D2 lymph-node dissection in patients with gastric cancer based on 5-year survival rates that were similar between D1 versus D2 dissection; 45% versus 47%, respectively. 11 In 2004, Hartgrink et al. 16 reviewed results of this trial after a follow up of more than ten years and concluded that associated higher postoperative mortality offsets its long-term effect on survival. In this study, the authors reported that an extended lymph node dissection may offer a cure for patients with N2 disease, suggesting D2 lymph node dissections may add some benefit if morbidity and mortality can be avoided. Recently, these data were updated again after a median follow up of 15.2 years (range 6.9-17.9 years). Accordingly, D2 lymphadenectomy was associated with lower locoregional recurrence and gastric cancer related death rates rather than D1 surgery. 23 A Brazilian meta-analyze of randomized controlled trials conducted by Lustosa et al. 24 confirmed that D2 lymphadenectomy procedure is followed by a lower incidence of recurrence and mortality with recurrent disease. In spite of this, D2 procedure did not make a significant impact on 5-year survival in this review. According to this study, D2 lymphadenectomy procedure was also associated with higher overall morbidity and higher in-hospital mortality. On the basis of another meta-analysis, Memon et al. 25 also reported that D1 gastrectomy is associated with significant fewer morbidity and 30-day mortality rate with similar 5-year survival to the D2-type procedure.
In a very recent systematic review from the Cochrane Database, 26 McCulloch and colleagues concluded that D2 dissection carries increased mortality risks associated with spleen and pancreas resection, and probably also associated with operator inexperience and low case volumes. In this analysis, the authors reported that randomized studies show no evidence of overall survival benefit but they do show possible benefit in T3+ tumors. These results may be confounded by surgical learning curves and poor surgeon compliance. On the other hand, they also pointed out that non-randomized comparisons suggest a possible survival benefit in intermediate TNM Union for International Cancer Control (UICC) stages. In addition, observational studies show high 5-year survival and low operative mortality after D2 dissection in experienced units, and poor results after D1 dissection in non-specialist units. 26 In the last DutchD1D2 trail review, Songun et al. 23 similarly observed that D2 procedure was associated with significantly higher postoperative mortality and morbidity rates, and higher rates of further surgery, confirming its previous findings. 11 Nevertheless, many of the patients included in these studies underwent some pancreatic and/or spleen resection as part of D2 dissection and nowadays, because a safer spleen-preserving D2 resection technique is currently available in high-volume centers, D2 lymphadenectomy should be the recommended surgical approach for patients with resectable (curable) gastric cancer. 23 Outcomes of main trials comparing a limited (D1) versus an extended (D2 or D3) lymphadenectomy are shown in Table 2 . In 2004, Degiuli et al. 30 had also shown morbidity and mortality after extended gastrectomy may have been as low as those reported by Japanese authors in very experienced centers. At that time, these authors suggested D2 gastrectomies with pancreas preservation were not followed by significantly higher morbidity and mortality than D1 resections. These data were updated in 2010, confirming that the rate of complications following D2 dissection is much lower than that published in previous randomized western trials. 31 D2 dissection was, therefore, considered a safe option for the radical management of gastric cancer in an appropriate setting 31 and became the recommended surgery approach for advanced resectable gastric cancer in Europe. 32 Results of two randomized controlled trials do not support the use of prophylactic splenectomy to remove macroscopically negative lymph nodes near the spleen in patients undergoing total gastrectomy for proximal gastric cancer or in early stages of disease. 33, 34 In the Japan Clinical Oncology Group (JCOG) 9501 study, pancreas-preserving splenectomy was generally performed with low surgical mortality. In this study, only 22 of 523 patients underwent pancreaticosplenectomy and 59% of them (13 of 22 cases) developed postoperative complications. 17, 35 According to Yao and colleagues, 36 5-year survival rates of patients underwent spleen-preserving versus splenectomy D2-gastrectomy are usually very similar, ranging from approximately 100% to 100% for stage I, 66.7% versus 70.0% for stage II, 27.8% versus 26.7% for stage III, and 17.4% versus 5.6%for stage IV, respectively; none of these differences were statistically significant. Furthermore, there is a significant difference in postoperative morbidity rate (11.5% vs 27.5%) favoring spleen-preserving D2-gastrectomy.
On the other hand, total gastrectomy with splenectomy has still been recommended for patients with T3 proximal gastric cancer who have 10-station lymph node metastasis to improve their prognosis. 37 Similarly, the current Japanese gastric cancer treatment guidelines continues to include splenectomies as part of the definition of D2 lymphadenectomies in more than T2 proximal third tumors eligible for a total gastrectomy. 8 However, preliminary results of the ongoing JCOG 0110 trial confirmed greater blood loss and operative morbidity in the group who underwent splenectomies. 38 Final results from this trial will allow us to establish definitively whether splenectomies can be avoided without compromising patient survival in cases involving proximal tumors. 39 For now, two recent meta-analysis have confirmed that preservation of the spleen and pancreas during extended lymphadenectomy for gastric cancer decreases complication rates and therefore, routine splenectomy and/or pancreatectomy should not be recommended because it has not been shown to have any beneficial effect on patient survival. 40, 41 Asian surgeons have also proposed a more radical lymph node dissection in order to improve survival for patients with stage T2-4 tumors. In this extensive procedure, designated as D4 dissection, paraaortic lymph nodes are removed in combination with D2 dissection. Two Japanese trials rigorously explored this important issue 17, 42 and concluded that treatment with D2 lymphadenectomy plus paraaortic lymph node dissection (PAND) does not improve the survival rate in curable gastric cancer when compared with standard D2 lymphadenectomy alone. Thus, systematic D4 dissection has not been recommended for treatment of stomach cancer because it failed to benefit overall survival in patients with potentially curable advanced gastric cancer. 17, [42] [43] [44] Furthermore, although an extended dissection may be performed as safely as D2 dissection when performed by well-trained surgeons [43] [44] [45] [46] and obviously offers a survival benefit for patients with gastric cancer when compared to D1 dissection, 28 this extended lymphadenectomy is often significantly associated with higher surgical complication rates. 29, 35, 45 Some of these trials comparing D2 and D2 plus PAND are summarized in Table 3 .
Recently, the Union for International Cancer Control (UICC)/ American Joint Committee on Cancer (AJCC) and the Japanese Gastric Cancer Association (JGCA) have put a great deal of effort into working together and establishing a common language to express the clinical experience and results from around the world. Accordingly, the new pN categories and the new definitions of types of lymphadenectomies attempt to simplify and standardize the surgical management of gastric cancer taking into account the type of gastrectomy to be performed. 47 Therefore, a D1 lymphadenectomy has been referred to a limited dissection of only the perigastric lymph nodes whereas the D2 lymphadenectomy is an extended lymph node dissection, involving removal of nodes along the hepatic, left gastric, celiac and splenic arteries as well as those in the splenic hilum (stations 1-11). Similarly, the D3 dissection comprises the superextended lymphadenectomy, a term that has been used by some to describe a D2 lymphadenectomy plus the removal of nodes within the porta hepatis and periaortic regions (stations 1-16), while others use the term to denote a D2 lymphadenectomy plus periaortic nodal dissection (PAND) alone. Most western surgeons (and the UICC/AJCC TNM staging classification) classify disease in these regions as distant metastases and do not routinely remove nodes in these areas during a potentially curative gastrectomy. 17 Nowadays, in both eastern and western countries, D2 lymph node dissections have been considered a more appropriate procedure at highvolume centers or for skilled surgeons, and this is recommended by most current gastric cancer guidelines for resectable disease. [8] [9] [10] Japanese surgeons meticulously divided the draining lymph node basins for the stomach into 16 stations. The principal lymph nodes of these stations, as provided by the Japanese Research Society for Gastric Cancer, are shown in Figure 1 .
The potential benefit from extended lymphadenectomy in patients with gastric cancer has been the subject of considerable debate. 48 Surgeons in eastern countries favor more extensive lymph node dissection, whereas those in western countries favor less extensive dissection. Therefore, extent of lymph node dissection remains one of the most hotly discussed aspects of gastric surgery. However, in order to improve outcomes, the decision between D1 versus D2 lymph node dissection should be personalized after consideration of patient characteristics, tumor stage and surgical experience, especially because stom-[Oncology Reviews 2012; 6:e12]
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[Oncology Reviews 2012; 6:e12] ach cancers are now often comprehensively treated by a multimodal approach including perioperative chemotherapy or chemo-radiation. So, an aggressive nodal dissection should only be performed in selected centers where surgeons have demonstrated acceptably low operative morbidity and mortality rates with expected mortality rates of less than 2%. Besides, taking into account promising advances in these therapeutic options (including, for example, target therapy), the benefit of an extensive dissection may ultimately become more limited if some highly effective perioperative therapies are available. Whether these therapies may replace more extensive surgical procedure (possibly at a much higher cost), or if their benefit would also be extended to more extensive surgery remains unclear. 48 At the moment, current data have favored the adoption of some adjuvant therapy even after a D2-dissection. 4, 6, 7, 49 For instance, the CLAS-SIC trial 4 has demonstrated improved 3-year overall and disease-free survival (83% and 74%, respectively) by adding adjuvant oxaliplatin and capecitabine to D2-gastrectomy. Similarly, the ARTIST trial 7 reported 3-year disease-free survival of 74.2% for D2-gastrectomy plus adjuvant capecitabine/cisplatin-based chemotherapy. Previously, the Japanese ACTS-GC trial had also confirmed that oral fluoropyrimidine derivative S-1 significantly improved overall survival. 6, 21 On the other hand, the ARTIST trial 7 failed to demonstrate any advantage from adding radiation to adjuvant chemotherapy after a D2-dissection, as previously questioned in a similar study conducted by Kwon et al. 50 According to Lee and colleagues, 7 some improvement was seen only in the lymph node-positve subgroup, but this needs to be interpreted with caution after a longer follow up or/and after a subsequent phase III trial (ARTIST-II) planned to confirm the benefit of adjuvant chemo-radiation for patients with D2 lymph node dissection and pathological lymph node-positive disease.
Finally, it should be emphasized that lymph node dissection proved to be a main factor in the spread of viable free cancer cells into the peritoneal cavity and itself appears to play a role in peritoneal dissemination of gastric cancer. 51 Exploring the mechanisms of peritoneal recurrence in gastric cancer by an ultra-rapid quantitative real-time polymerase chain reaction system, Marutsuka and colleagues 51 clearly revealed the existence of free cancer cells in the peritoneal cavity after lymphadenectomy, even when the gastric serosa was not disrupted. Accordingly, this very important observation may explain the high rates of peritoneal recurrence after curative operations, despite neither the apparent existence of abdominal free cancer cells nor overt peritoneal metastasis before surgery. Fortunately, these authors also developed a quite formidable method for reducing the number of free cancer cells to potentially zero, namely by extensive intraoperative peritoneal lavage (EIPL). 51, 52 Based on their pioneering studies, the results far exceeded any expectations and showed a remarkably better prognosis for patients with gastric cancer, 52,53 these authors have strongly advocated the adoption of EIPL therapy as a standard prophylactic strategy for peritoneal dissemination in advanced gastric cancer. 53, 54 Furthermore, adjuvant intraperitoneal plus intravenous chemotherapy offers no clear benefit in terms of overall and relapse-free survival after curative resection in serosa-positive gastric cancer, 55 but the peritoneal free cancer cell volume appears to have a strong impact on the outcome of patients with positive peritoneal lavage cytology and negative macroscopic peritoneal implant, 56 a mechanical method to reduce the cancer cell population into the peritoneal cavity (i.e. EIPL) may probably improve patient survival rates in either serosa-or lymph nodepositive gastric cancer patients undergoing D2-gastrectomy. 1, 3, 4sb, 4d, 5, 6 and 7 for distal gastrectomy. D1(+) dissection adds stations 8a, 9 and 11p or 8a and 9 respectively. D2 lymphadenectomy includes nodal stations dissected in D1 plus 8a, 9, 10, 11p, 11d and 12a stations (total gastrectomy) or 8a, 9, 11p and 12a nodal stations (distal gastrectomy).
